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Introduction 
The neuromuscular junction is the site at which trans¬ 
mission between the motor neuron and muscle takes place* 
The synaptic vesicles within the axon terminal are believed 
to contain the neurotransmitter acetylcholine (Bodian, 1942; 
DeRobertis and Bennett, 1955; Robertson, 1956; Hubbard and 
Kwanbunbumpen, 1968)* Under the influence of impulse-trig¬ 
gered influx of calcium into the nerve terminal (Katz and 
Miledi, 1964; Miledi and Slater, 1966; Katz and Miledi, 1967)9 
some synaptic vesicles presumably migrate and fuse with the 
presynaptic membrane of the axon terminal releasing acetyl¬ 
choline into the synaptic cleft (Hubbard and Kwanbunbumpen, 
1968; Heuser and Reese, 1973)» Minature end plate potentials 
(mepps) (Fatt and Katz, 1950? Fatt and Katz, 1952; DelCastil¬ 
lo and Katz, 1954) and end plate potentials (epps) (DelCas- 
tillo and Katz, 1954) are believed to be caused by the trans¬ 
mitter released from these vesicles following their fusion, 
in single and aggregate form respectively, with the presynap¬ 
tic membrane* It has been calculated that there are approx¬ 
imately 3xl(P vesicles per junction (Birks et al„, i960) and 
that 20 vesicles (Krnjevicf and Mitchell, 1961) each contain¬ 
ing 10^ molecules of acetylcholine (Krnjevic and Mitchell, 
1961; Martin, 1966) are released ner impulse. 
The other component of the myoneural junction is muscle,„ 
Contraction is believed to be initiated when the excitation 
impulse is transmitted by the transverse tubular system 
(Huxley and Straub, 1958? Huxley and Taylor, 1958; Huxley, 
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19^4) from the muscle surface to the interior. The adjacent 
terminal cisternae of the sacroplasmic reticulum (SR), which 
along with the transverse tubular system form the triad (Ro¬ 
bertson, 1956; Porter and Palade, 195?)? are thought to un¬ 
dergo a coupled depolarization leading to calcium release 
throughout the SR, Calcium released from the SR then binds 
with the inhibitory component of troponin (Ebashi, 1963; Eba- 
shi and Endo, 1968; Weber and Murray, 1973) causing a confor¬ 
mational change in the troponin-tropomyosin actin complex 
(Ebashi and Endo, 1968; Weber and Murray, 1973) leading to 
exposure of the myosin-ATPase binding sites of actin (Hasel- 
grove, 1972), Along with the ATP supplied by glycogenolysis 
(Viliar-Palasi et al., 1971? Mayer and Stull, 1971), the ac- 
tin-myosin interaction results in the actin filament being 
drawn into the myosin occupied A band (Huxley and Nieder- 
gerke, 1954; Huxley and Hanson, 195*0* This is illustrated 
structurally by the I band of the sacromere progressively 
narrowing while the A band maintains the same itfidth (Huxley 
and Niedergerke, 1954; Huxley and Hanson, 1954; Huxley and 
Peachey, 1961), The phase of contraction is terminated when 
calcium concentration in the cytosol is lowered by the se¬ 
questering ability of the SR (Hasselgrove and Makinose, I96I; 
Weber et al., 1962). 
Recently, cyclic AMP has been demonstrated to increase 
the frequency of mepps and the amplitude of epps at the neu¬ 
romuscular junction, possibly by mediating synaptic release 
(Goldberg et al,, 1969; Goldberg and Singer, 1969; Singer 
and Goldberg, 1970; Wilson, 1974), The presence of cyclic 
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AMP dependent phosphorylation of neurotubules (Goodman, 1970) 
and synaptic membranes (Miyamato et al., 19&9; Johnson et al»9 
1972), may also implicate cyclic AMP in neuromuscular trans¬ 
mission. 
In muscle, cyclic AMP has been shown to have a positive 
inotropic effect (Skelton, 1970; Epstein, 1971) as well as 
to increase the calcium sequestering ability of the SR (Ent- 
man, 1969; Shinebourne and White, 1970; Katz and Repke, 1973)* 
This in addition to its ability to stimulate glycogenolysis 
(Villar-Palasi, 1972; Mayer and Stull, 1972) and therefore 
increase ATP stores, raises the probability that cyclic AMP 
is involved in muscle relaxation-contraction. 
Because phosphodiesterase is the only enzyme known to 
physiologically degrade cyclic AMP and because of the possi¬ 
bility that cyclic AMP may mediate neuromuscular transmission 
and muscular relaxation-contraction, the localization of phos¬ 
phodiesterase within the motor neuron and striated muscle was 
attempted with the possibility that its localization might 
shed some light on where cyclic AMP might be involved in these 
processes, 
The rationale behind the technique used to localize phos¬ 
phodiesterase activity is that phosphodiesterase In the tissue 
will hydrolyze exogenous cyclic AMP to 5*-AMP and inorganic 
phosphate (Sutherland and Rail, 1958), The exogenous 5'- 
nucleotidase added simultaneously would convert the 5*-AMP 
to adenosine and inorganic phosphate (Butcher and Sutherland, 
1962), The latter would be captured by lead ions in the ori¬ 
ginal mixture forming the insoluble precipitate, lead phosphate. 
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Lead phosphate being electron opaque can be visualized under 
the electron microscope at the site of phosphodiesterase ac¬ 
tivity. 
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Materials and Methods 
The procedure of Florendo et al. (1971) was used for 
the localization of phosphodiesterase activity. The reac¬ 
tion was performed on the triceps muscle of adult newts, 
Triturus vlridescens, The animals were anesthetized by 
immersion in a two tenths percent solution of chlcrotone 
for five to ten minutes. The triceps muscles were dissected 
out and placed in a solution of 0.05M cacodylate-nitrate 
buffer (pH7.4) containing 0.25M dextrose. The muscles 
were cut up with a razor into approximately half millimeter 
cubes. The slices were then fixed for one hour in two per¬ 
cent gluteraldehyde in 0.05M cacodylate-nitrate buffer(pH?,4) 
with 0.25M dextrose. They were washed briefly five times and 
left for eighteen hours at room temperature in buffer. 
The tissues were then placed for one hour at room tem¬ 
perature in a nreincubation medium containing 60mM tris ma- 
leate buffer (pH?.4), 2.0mM MgCl? and 0.25M sucrose (T.M.S, 
buffer) and 5*0 mg/ml of 5'-nucleotidase (Sigma Chemical Co.). 
The slices were then transferred and incubated at room tempe¬ 
rature for one and a half hours in a final medium containing 
T.M.S, buffer, 2,0mM lead nitrate, 3*0 mg/ml of 5*-nucleoti¬ 
dase and 3»0mM cyclic AMP. 
After incubation, the slices were washed five times in 
T.M.S. buffer and refixed for one hour in two percent osmium 
tetroxide in 0.05M cacodylate-nitrate buffer (pH?,4) with 
0.25M sucrose. 
, ’ '..I ■ - J' .. •. 
Of* }• ;• ,1 ■ 
6 
Five controls were run simultaneously with the reaction. 
The controls were oerformed utilizing the same duffers and 
incubation times as the reaction, but with the appropriate 
moities added or deleted. 
Controls consisted of the following? (a) omission from 
the final medium of the substrate, cyclic AMP, to determine 
the presence of endogenous substrates; (b) omission from the 
final medium of 51-nucleotidase to determine whether endoge¬ 
nous 5’-nucleotidase contributed to the localization of re¬ 
action product; (c) incubation in lead nitrate alone to de¬ 
termine whether binding of lead ions occurred; (d) incuba¬ 
tion in 5,-nucleotid_ase to determine the presence of endo¬ 
genous substrates; and (e) addition of theophylline (50mM), 
an inhibitor of phosphodiesterase, to the final incubation 
medium. 
After osmium tetroxide fixation the tissues were de¬ 
hydrated in a graded series of ethanol and embedded in Mara- 
glas, (20% Cardolite, 10$ dibutyl phthalate and 2% benzyl di- 
methylamine). Thin sections were cut with glass knives on 
a Porter-Blum MT-2 ultramicrotome, stained with lead citrate 
and viewed with an RCA EMU-3F electron microscope. Five to 
eight blocks of reacted and control tissues were sectioned 
and for each experiment several hundred sections were sur¬ 
veyed . 
•: V ■ *>/ 
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Results 
Within nerve terminals, reaction product was observed 
in association with synaptic vesicles. Deposits of reac¬ 
tion product occurred over the membrane of the vesicle and 
projected slightly into the interior of the vesicle (fig. 1*2)* 
Activity was not observed free in the lumen of the vesicle. 
Activity was not present around the entire circumference of 
the vesicle, but usually occurred focally in one or more 
regions (fig, 1»2), 
In addition to vesicles, membranous structures within 
the axoplasm showed some activity. These structures were 
usually situated preterminally and pursued a wavy irregu¬ 
lar course and appear to correspond to smooth surface chan¬ 
nels of endoplasmic reticulum. Reaction product in these 
structures occurred as coarse granular deposits overlying 
the membrane and lumen (fig* 1), 
Activity was also evident at the presynaptic membrane 
especially in areas where synaptic vesicles were fusing with 
the presynaptic membrane (fig, 1). Reaction product at this 
site was similiar to the reaction product observed in synap¬ 
tic vesicles. 
The reaction product is to be differentiated from the 
less coarsely granular precipitate normally seen within mi¬ 
tochondria when incubated with cations (fig,1.3 )* To - 
tion product was evident within the axoplasm itself (fig.l- 
^ other components of the terminal including Schwann 
cells and axclemma were likewise unreactive (fig*l*3)« 
• : ^z"k 
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Within the muscle fibers, a network of tubules in the 
sacroplasm adjacent to the motor end plate was reactive. 
The tubules were irregularly arranged and appeared to be 
a component of the SR. Activity encompassed the entire 
width of the tubules - membrane and lumen (fisr. 3). 
Deeper in the muscle fiber, the SR was reactive. Ac¬ 
tivity, however, was confined to the longitudinal tubules 
of the SR (fig.4-7). The terminal cisternae and fenestrat 
ed sheet overlying the H zone of the sacroraere were unre¬ 
active (fig. 4,5,6). Reaction product was coarsely granu¬ 
lar and overlay the width of the tubules obscuring their 
structure. It is possible, in view of the small diameter 
of the tubules, that activity was confined to the membrane 
(fig. 7), Other elements of the muscle fiber, including 
transverse tubules, myofilaments and mitochondria, were 
unreactive. 
In the theophylline control, there was a quantiatlve, 
but not qualitative difference in the intensity of reac¬ 
tion (fig. 8 ). Fewer motor end plates contained reaction 
nroduct than observed for the reaction. However, the dis¬ 
tribution of the reaction product in the theophylline con¬ 
trol was identical to that of the reaction (fig. 9 )» 
In the control, where the only reactant was 5#-nucleo 
tidase, a coarse orecipitate appeared infrequently within 
tubular structures of the preterminal axoplasm (fig. 10 ). 
No other precipitate was seen within the nerve or the Sch¬ 
wann cell. In muscle a sparse scattered reaction product 
was occasionally seen in the area occupied by the SR (fig* 
fff 
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10). Otherwise, no reaction product was visible. 
The control in which cyclic AMP was omitted {fig. 
ID was similiar to that described for the control run with 
only 5'-nucleotidase. The same scattered precipitate was 
observed over the SR. Precipitate was seen less frequently 
in the neuron. 
In the control run with only lead nitrate, no precipi¬ 
tate was observed either in the muscle or within the motor 
nerve (fig.12,13). In the final control run with the omis¬ 
sion of 5*-nucleotidase, no precipitate was exhibited with¬ 
in the muscle or the motor nerve (fig.l^). 
. 
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Discussion 
Reaction product was found in three locations at the 
newt neuromuscular junctions at the synaptic vesicles and 
presynaptic membrane of the motor nerve and the longitu¬ 
dinal elements of the SR, Control reactions showed that 
the reaction product was not due to binding of lead ions 
or to endogenous 5*-nucleotidase activity which had pre¬ 
viously been localized to the endoplasmic reticulum of 
some tissues (Tsou et al,, 1972), Some reaction product 
was observed in the SR following both omission of cyclic 
AMP and incubation in 5'-nucleotidase, suggesting the 
presence of some endogenous substrate at this site. The 
reaction in these controls was not nearly as intense as 
tissues incubated in the complete reaction medium. Theo¬ 
phylline considerably reduced the intensity of the reac¬ 
tion at both sites. It is expected that some activity 
would persist since theophylline effectively inhibits 
about 80% of phosphodiesterase activity (Plorendo et al,, 
1971), A 60% loss of phosphodiesterase activity is also 
expected in the reaction and all controls following gluter- 
aldehyde fixation and washing (Plorendo et al,, 1971)® 
It should be noted that synaptic vesicles are capa¬ 
ble of taking up divalent cations which may appear as 
dense deposits. These deposits are not observed when, as 
in this experiment, aqueous and not alcoholic osmium te- 
troxide is used to refix the tissues (Kokko and Barrnett), 
1971). The reaction product observed in synaptic vesicles 
V • g 
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does not appear to be the result of binding of lead ions, 
since tissues incubated in lead alone showed no deposits. 
The signet ring appearance of the reacted vesicles resem¬ 
bles the appearance of vesicles exposed to cations such 
as calcium, but it is not known whether the site of phos¬ 
phodiesterase activity coincides with the calcium binding 
sites identified in synaptic vesicles (Politoff et al., 
1974; Boyne et al„, 197*0* Thiamine pyrophosphatase ac¬ 
tivity (Griffith and Bondareff, 1973) and ATPase activity 
(Hoise, 1964) are also exhibited in isolated synaptic ve¬ 
sicles, The latter, however, is inactivated, as in these 
experiments, by gluteraldehye fixation (Torack, 1965)* 
Since thiamine' pyrophosphate is thiamine pyrophosphatase*s 
only known substrate and no vesicle associated reaction pro 
duct is evident in controls, this enzyme cannot be a source 
of endogenous phosphate production. It Is concluded from 
the results of these experiments that the reaction product 
in the synaptic vesicles and most of the product in the SR 
is due to phosphodiesterase activity. 
Neuronal Phosphodiesterase 
Particulate associated phosphodiesterase activity has 
been identified biochemically in brain synaptosomes (DeRo- 
bertis et al,, 1967). The latter include axon terminals 
and post synaptic membranes, but, it was not known in which 
component activity was localized. More recently, nhospho- 
diesterase activity was found in synaollc vesicles from 
mouse brain (Johnson et al., 1973). Thus, biochemical cor- 
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roboration exists for the present observation of cytochemi¬ 
cal localization of phosphodiesterase activity within syn¬ 
aptic vesicles* 
The presence of phosphodiesterase in synaptic vesicles 
has several implications regarding the role of cyclic AMP 
in the function of the neuromuscular junction* Cyclic AMP 
has been shown to mediate synaptic transmission in the cen¬ 
tral (Weiss and Costa, 1968; Kakiuchi, 1969; Hoffer et al,, 
1971; Siggins et al*, 1973) and peripheral (McAfee and 
Greengard, 1972; Greengard at al., 19 ; Greengard and Ke- 
babian, 197*0 nervous systems. In central synapses, phos¬ 
phodiesterase activity has been localized cytochemically 
to the oostsynaptic membrane in regions overlying oostsyn- 
aptic densities (Plorendo et al., 1971; Adinaofi and Sch¬ 
midt, 197*1), In the neuromuscular junction, the densities 
underlying the postsynaptic membrane of junctional folds, 
were unreactive* The absence of activity at this site In¬ 
dicates that cyclic AMP may not have an effect In mediating 
the action of the neurotransmitter at the neuromuscular 
junction in the same manner as has been postulated for 
other synapses (Plorendo et al., 1971; Hoffer et al., 1971; 
Siggins et al*, 1973; Greengard and Kebabian, 197*1)» 
In the neuromuscular junction, a role for cyclic AMP 
in the release of acetylcholine from nerve terminals has 
been proposed (Breckenridge et al*, 1967; Goldberg et al., 
1969; Goldberg and Singer, 1969; Singer and. Goldberg, 1970)* 
This has been suggested on the basis of the high concentra¬ 
tions of adenyl cyclase and phosphodiesterase in brain nerve 
. * \ - - ■' '■ 
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ending fractions (DeRobertis, 196?; Johnson et al,, 19735» 
the influence of cyclic AMP on release of secretory pro¬ 
ducts from a variety of exocrine and endocrine cells (Ma- 
laisse et al., 196?; Kulka and Sternlicht, 1968; Grand and 
Gross, 1969; Wilber et al., 1969)* and the faciliative ef¬ 
fects of catecholamines on neuromuscular transmission (Krn- 
jevic" and Miledi, 1958; Breckenridge et al., 196?; Jenkin- 
son et al. , 1968 ) which are thought to be mediated by cy¬ 
clic AMP (Rail et al., 19.57; Sutherland and Rail, i960). In 
addition, direct acnlication of cyclic AMP to nerve muscle 
preparations promotes neuromuscular transmission (Goldberg 
et al,, 1969; Singer and Goldberg, 1970; Florendo et al,, 
197^)* It should be noted, though, that cyclic AMP’s role in 
mediating neuromuscular transmission is not universally ac¬ 
cepted, Ethanol studies on the rat diaphragm imply that cy¬ 
clic AMP’s concentration must increase by a power of 10-^ with¬ 
in a millisecond after presynaptic excitation for it to affect 
mepp (Quastel and Hackett, 1971). 
There are several possible mechanisms by which cyclic 
AMP could exert Influences on transmission. One possibility 
is an effect on permeability to calcium which is essential 
for acetylcholine release (Katz and Miledi, 1965; Miledi and 
Slater, 1966; Hubbard et al,, 1971)* It is possible that cy¬ 
clic AMP may activate a protein kinase which phosphorylates 
the synaptic membrane (Miyamoto et al,, 1969; Johnson et al., 
1972) attachment of vesicles to the presynaptic membrane» 
Cyclic AMP could also mediate synaptic vesicle release 
by influencing a system of contractile proteins. Ac.tin, myo- 

sin and tropomyosin have been identified in rat and chicken 
brain (Puszkin and Berl, 1970; Fine and Bray, 1971; Berl et 
al., 1973? Fine et al., 1973)* It has been suggested (Berl 
et al., 1973) that, much like the interaction of myosin and 
actin in muscle, the stimilus triggered influx of calcium 
(Hodgkin and Keynes, 1957) results in an interaction of a 
myosin-like protein associated with synaptic vesicles (Berl 
et al., 1973) with actin present in the presynaptic membrane 
(Berl et al., 1973). This interaction may bring about a con¬ 
formational change in the vesicle resulting in Its opening and 
discharging its contents. 
Cyclic AMP, along with activating a cyclic AMP depen¬ 
dent kinase to ohosphorylate the synantic membrane as des¬ 
cribed above, may also activate a kinase which will phosoho- 
rylate actin or nossibly tropomyosin, as observed with tropo¬ 
nin in muscle (Bailey and Villar-Palasi, 1971; Stull et al., 
1972) and make the membrane associated actin sensitive to 
calcium. In other words, the synaptic membrane associated 
actin or tropomyosin is now responsive to calcium’s effect in 
mediating a conformational change between the synantic vesi¬ 
cles and synantic membrane. 
Another possibility is that cyclic AMP may mediate trans¬ 
port of synaptic vesicles in the axon (Jankowska er al., 1969), 
possibly alonsr the microtubules (Jarlfors and Smith, 1969), 
The observation of increased adenyl cyclase and phosphodies¬ 
terase activity, 260^ and 150^ respectively, at the proximal 
end of a constricted chicken scialtic nerve (Bray et al,, 19- 
71), further suggests that cyclic AMP may serve a role in syn- 
■ 
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aptic vesicle transport. 
With- the isolation of cyclic AMP dependent phosphory¬ 
lation of neurotubules (Goodman et alM 19?0), it has been 
suggested that calcium may bring about an association bet¬ 
ween the tubules and the synaptic vesicles after the neuro¬ 
tubular phosphorylation has occurred. With the isolation 
of an actin-like protein associated with a microtubular pro¬ 
tein of the brain (Puszkin and Berl, 1970) and a myosin-like 
protein associated with synaptic vesicles (Berl et al,, 1973 K 
the phosphorylation of neurotubules may be analogous to the 
phosphorylation previously discussed for synaptic membrane 
associated actin. The two phosphorylations differ in that 
the cyclic AMP dependent ohosphorylation of the neurotubule, 
possibly its actin, will not cause a calcium dependent con¬ 
formational change in the vesicles, leading to their opening, 
but, will result in the translocation of the vesicles towards 
the junction. At the terminal, the vesicle would then undergo 
the conformational change previously described. This effect 
on transport of vesicles would explain the occurrence of in¬ 
creased releasable stores of acetylcholine with cyclic AMP®s 
application to the neuromuscular junction (Wilson, 1974), 
Cyclic AMP, therefore, could facilitate neuromuscular 
transmission by mediating an increase in the permeability of 
the postsynaptic membrane to calcium, influencing the binding 
and release of synaptic vesicles, and/or mediating the trans¬ 
port of vesicles to the nerve terminal. The localization of 
phosphodiesterase activity in synaptic vesicles supports the 
supposition that cyclic AMP has an effect on transport or re- 
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lease of synaptic vesicles and demonstrates that the effects 
of cyclic AMP terminate at this site* It may be significant 
that the activity of phosphodiesterase is greatly enhanced b3F 
calcium (Kakiuchi and Yamazaki, 1970; Teo and Wang, 1973) so 
that calcium, while responsible for release of the vesicle, 
is at the same time implicated in the initiation of the event 
terminating the effects of cyclic AMP, 
Evidence that cyclic AMP exerts influence on presynap- 
tic events (Drammond and Ma, 1973) may have clinical implica¬ 
tions, The fact that epinephrine and methyl xanthines have 
been shorn to partially correct the defect of calcium deoen- 
dent acetylcholine release by nerve impulses found in Eaton- 
Lambert syndrome, has led to the suggestion that cyclic AMP 
may be Implicated in this disease (Takamori et al«, 1973) as 
well as in myasthenia gravis (Anttila and Vapaatalo, 1972), 
Muscle Phosphodiesterase 
While no specific biochemical localization of phospho¬ 
diesterase within the SR has been attempted to date, there 
is ample evidence that phosphodiesterase is present in ske¬ 
letal muscle (Butcher and Sutherland, 1962; Thompson and Ap- 
piemen, 1971). One study attributed the lack of particulate 
phosphodiesterase activity in skeletal muscle to isolation 
techniques (Thompson and Applemen, 1971). However, adenyl 
cyclase and cyclic AMP dependent protein kinases have been 
isolated from the SR (Rabinowitz, 1965; Wray et al„, 1973). 
There is evidence that in addition to cyclic AMP4s role in 
glycogenolysis in skeletal muscle (Posner et al., 1962; Pos- 
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ner et al,, 1965; Harwood and Drummond, 1969; Lyon Jr, and 
Mayer, 1969; Mayer and Stall, 1971; Villar-Palasi et al., 
1971), it may mediate contraction and relaxation (Mayer and 
Stall, 1971; Villar-Palasi et al., 1971). 
It has been observed that epinephrine (Entman et al., 
1969; Skelton et al*, 1970; Epstein et al., 1971) and methyl 
xanthines (Herz and Weber, 196 5; Luttgau and Oetliker, 1968; 
Carvalho, 1968; Weber and Herz, 1968) can prolong maximun 
tension development in muscle. One study has shown that the 
cyclic AMP concentration in cardiac muscle Increases before 
mechanical systole (Wollenberger et al,, 1973). These effects 
might be due to release of calcium from the SR since, methyl 
xanthines, applied to skeletal muscle preparations, cause 
release of calcium from the SR (Hertz and Weber, 1965; Lutt- 
gau and Oetliker, 1968; Carvalho, 1968; Weber and Herz, 1968). 
Through its dependent kinase (Walsh.et al., 1968; Corbin 
et al,, 1972; Wray et al., 1973)» cyclic AMP may phosphorylate 
the SR leading to the release of calcium. The free calcium 
ion can now activate phosphorylase b kinase (Meyer et al., 19- 
64; Brostrom et al., 1971) and thereby initiate glycogenoly- 
sis, providing energy for contraction in the form of ATP (Ma¬ 
yer and Stall, 1971). The calcium ion activated phosphorylase 
kinase can also ohosohorylate the inhibitor component of tro¬ 
ponin (Bailey and Villar-Palasi, 1971» England et al,, 1972; 
Stull et al., 1972), permitting it to interact with calcium 
and thereby initiate the allosteric change which will cause 
actomyosin synersesis (Bailey, 1948, Ebashi, 1963; Endo et 
al,, 1965; Haselgrove, 1972, Spudich et al., 1972; Murray and 
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Weber., 197*0. 
However, there is ample evidence to indicate that cy¬ 
clic AMP is Involved with relaxation and not with contrac¬ 
tion. It has been suggested that cyclic AMP may mediate 
epinephrine *s inotropic effects by increasing the rate of 
calcium uptake by the SR (Shinebourne et al., 1969; Epstein 
et al., 1971). The observation that cyclic AMP reaches 
maximun concentrations just before or coincident with the 
initiation of relaxation in cardiac muscle (Brooker, 1973) 
and that AMP (Entraan, 1969; Shinebourne and White, 1970) or 
cyclic AMP incubated with a orotein kinase (Katz and Repke, 
1973)» increases the calcium accumulating ability of the SR 
significantly, is presented as evidence that cyclic AMP is 
involved in relaxation by altering the SB's permeability to 
calcium. 
These phenomena may be mediated by cyclic AMP activa¬ 
ting its dependent kinases in the SR and by phosphorylating 
the SR, increasing its permeability to calcium. The action 
of cyclic AMP would be under a negative feedback since phos¬ 
phodiesterase within the SR would be increasingly activated 
as it associates with more calcium (Kakiuchi and Yamazaki, 
1970; Teo and Wang, 1973) and thereby terminating cyclic 
AMP’s sequestering ability at a certain intraluminal concen¬ 
tration of calcium. 
Within the framework of both models presented above, 
phosphodiesterase’s localization in the longitudinal ele¬ 
ments of the SR and not the terminal cisternae, has physio¬ 
logical significance. It has been postulated, using calci- 
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urn kinetic studies on the SR (Katz and. Repke, 1973)* that 
there is a calcium "binding’' and "uptake" system designated 
to the longitudinal and terminal elements, respectively, of 
the SR. The longitudinal elements are thought to bind the 
calcium and transport it to the terminal cisternae (Page and 
Callister, 1973)® This would be in accordance with the cyto*» 
chemical localization of calcium oxalate in the terminal cis¬ 
ternae {Constantin et al., 1965; Constantin and Podolsky, 19- 
65? Ikemoto et al., 1968) and throughout the SR (Pease et al., 
1965) of striated muscle. The postulate that two different 
uptake systems designated to the longitudinal and terminal ele¬ 
ments of the SR along with the observation that ATPase acti¬ 
vity occurs primarily at the terminal cisternae or'their junc¬ 
tion with the longitudinal elements (Rostgaard. and Behnke, 19~ 
65; Ikemoto et al», 1968) suggest that these two parts of the 
SR have differing functions. 
As a result of the present finding that phosphodiesterase 
is found only in the longitudinal SR, it is suggested that this 
area is involved in cyclic AMP-dependent sequestration of cal¬ 
cium. If, however, cyclic AMP is found to initiate contrac¬ 
tion, again the longitudinal SR would be the area concerned 
with releasing calcium. With either mechanism, cyclic AMP 
would mediate its effects by stimulating a kinase which in 
turn would phosphorylate the SR, altering its permeability 
to calcium. 
Rasmussen (1970) has postulated that calcium may mediate 
many of the effects of cyclic AMP and thereby serves as a se¬ 
cond messenger. Both the observations of phosphodiesterase 
- ■ . »i' 
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activity in synaptic vesicles and longitudinal elements of SR 
are consistent with calcium mediated cyclic AMP mechanisms. 
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ir. 1. Neuromuscular ,function of reacted tissue. 
Deposits of reaction oroduct are associated with the 
membrane of synantic vesicles (a-arrow) in the motor 
neuron. Deposits project slightly into the interior 
of the vesicle and infrequently override the vesicular 
membrane. Reaction oroduct is evident, along the pre- 
synartic membrane especially where a synaotic vesicle 
is seen fusing with it (b-arrow). A coarse granular 
rreclnltate is oossibly overlaying the smooth surface 
channels of the endoplasmic reticulum (c-arrow) of the 
motor neuron encompassing both the lumen and membrane, 
Mitochondrial granules are also evident (d-arrow). 
Axooln.em, synartic cleft and post synaptic membrane 
lack reaction nroduct. x 81,900 
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Fi*. 2. Neuromuscular .junction of reacted tissue. 
Reaction oroduct associated with membrane of synaptic 
vesicle is well illustrated (a-arrow). Reaction pro¬ 
duct, nosslbly along- the smooth surface channels of the 
Schwann cell, is also evident (b-arrow). x 132,000 
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Fier* 3* Neuromuscular junction of reacted tissue. 
Network of tubules in the sacroplasm adjacent to the 
motor end plate is reactive (a-arrow). The reaction 
product encompasses the entire width of the lumen and 
membrane at these tubules which aopear to be a compo¬ 
nent of the SR. Reaction product is also associated 
with the synaptic vesicle's membrane in the motor neu¬ 
ron. x 52,800 
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Fig:. 4. Reacted muscle* Sectioned perpendicular to 
transverse tubules (a-arrow), Reaction product is as¬ 
sociated with the longitudinal SR (b-arrow). The trans¬ 
verse tubular system, terminal cisternae (c-arrow) and 
fenestrated sheets (d-arrcw) overlying the H zone are 
unreactive. The myofibrils are also unreactive. 
x 38,500 
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Fig. 5» Reacted muscle. Reaction product appears 
coarse, granular, obscuring the structure of the 
longitudinal SR (a-arrow). No reaction product is 
evident in the fenestrated sheets (c-arrow) overly¬ 
ing the H zone, the mitochondria, the transverse 
tubules (d-arrow), the terminal cistemae (e-arrow) 
or the myofibrils. Two views of the triad and the 
longitudinal SR, perpendicular to each other, demon 
strate the site of reaction product capture. 
x 95,250 
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Pis:. 6. Reacted muscle. Reaction product seen over- 
lying the lumen and membrane of the longitudinal SR. 
The triad, fenestrated sheets of H zone and myofibrils 
lack reaction product. Sectioned perpendicular to 
transverse tubules. x -3^*^ 
Fig. 7. Reacted muscle. Reaction product seen with¬ 
in the longitudinal SR (a-arrow) obscuring its mem¬ 
brane. The terminal cisternae and transverse tubule 
are devoid of reaction product. Sectioned parallel 
x 137*200 
with transverse tubule. 
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Fig* 8. Neuromuscular junction. Membrane of the syn¬ 
aptic vesicle is associated with reaction product. Re¬ 
action product is within the lumen and obscures the mem¬ 
brane of the smooth surface channels of the endoplasmic 
reticulum of the motor nerve. Endoplasmic reticulum of 
Schwann cell is also reactive. Network of tubules in 
the sacroplasm adjacent to the motor end plate are un¬ 
reactive (a-arrow). Also unreactive are mitochondria, 
axoplasm and synaptic clefts. The intensity and extend 
of the reaction is less than observed for the reacted 
tissue. x 95t250 
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Fig, 9. Neuromuscular .junctioni theophylline control. 
Reaction product is seen less frequently on the membrane 
of synaptic vesicles. It is not observed in the presyn- 
aptic membrane, synaptic cleft, triads, SR and myofi¬ 
brils x 95,250 
© 
S a 
■ % 
■ •• rt> ■ 

- 
Fisr. 10. Neuromuscular .junctiont reaction with only 
5*-nucleotidase« Reaction product is seen within the 
smooth surface channels of the endoplasmic reticulum 
of the motor neuron and occasionally in areas occupied 
by the SR. The membrane of the synaptic vesicles, pre 
terminal membrane, mitochondria, synaptic cleft, post¬ 
terminal membrane and myofibrils are unreacted. 
x 95,250 


•' ' ' • 
Fig. 11. Neuromuscular Junction: reaction Incubated 
without cyclic AMP. Reaction product is seen within 
the smooth surface channels of the endoplasmic reticu¬ 
lum of the motor nerve. Reaction product is occasio¬ 
nally observed within the tubular structures of the 
sacroplasm adjacent to the motor end plate. Deeper 
in the muscle, the SR is unreactive. Synaptic vesicle 
membranes are unreactive as well. x 78,000 



Fi^r, 12. Neuromuscular .junctiont reaction with only 
lead nitrate. Deposits are not seen associated with 
the membrane of the synaptic vesicles or with the en¬ 
doplasmic reticulum of the motor nerve. The tubular 
structures of the sacroplasm adjacent to the motor end 
date are unreactive. Schwann cells, mitochondria, pre 
and postsynaptic membranes are devoid of reaction pro¬ 
duct. x 54,600 
■m 


Fisc, 13. Muscle reacted with only lead nitrate. 
The entire 3R as well as the myofibrils, triad and 
mitochondria are devoid of reaction product. 
x 30,250 



Fim 14. Neuromuscular junction: incubation 
action medium but omitting 51-nucleotidase. 
in re- 
There 
is no evidence of precipitate within the nerve, Sch¬ 
wann cell or within the muscle. x 95»250 
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